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RI WKH PHWKRGV RI PRGLI\LQJ WKH SRO\PHUV ,Q WKLV VWXG\ WKH HIIHFW RI VKRUW JODVV ILEHUV RQ WKH 0HFKDQLFDO EHKDYLRU RI
3RO\DPLGH 3$ DQG3RO\SURS\OHQH 33 SRO\PHU EOHQG FRPSRVLWHVZHUH UHSRUWHG ZW 3$ZW 33SRO\PHU
EOHQG ZDV VHOHFWHG DV WKH PDWUL[ PDWHULDO IRU WKH VWXG\ )RU WKH EHWWHU FRPSDWLELOLW\ LQ WKH PDWUL[ EOHQG0DOHLF DQK\GULGH
0$J+DFRPSDWLELOL]HULVPL[HGZLWKWKHEOHQG$NQRZQZHLJKWSHUFHQWDJHRIVKRUWJODVVILEHUVVXFKDV  DQG
ZHUHUHLQIRUFHGDQGWKHLUHIIHFWZDVVWXGLHGV\VWHPDWLFDOO\7KHSRO\PHUVZHUHFRPELQHGDQGIDEULFDWHGE\XVLQJ%DUEHQGHU
WZLQ VFUHZ H[WUXGHU DQG WKH VSHFLPHQV ZHUH PROGHG E\ XVLQJ LQMHFWLRQ PROGLQJ PDFKLQH DV SHU $670 7KH 0HFKDQLFDO
SURSHUWLHVVXFKDV7HQVLOHVWUHQJWK)OH[XUDOVWUHQJWKDQG,PSDFWVWUHQJWKDUHVWXGLHGDQGHYDOXDWHGE\XVLQJ$6707KHUHVXOWV
UHYHDOHGWKDWWKHUHLVDQLQFUHDVLQJWUHQGRQWKHPHFKDQLFDOSURSHUWLHVRIWKHUHLQIRUFHGFRPSRVLWHV$WZWRIVKRUW JODVV
ILEHUUHLQIRUFHG3$33SRO\PHUEOHQGWKHUHLVDQLQFUHDVHLQWHQVLOHVWUHQJWKRIDERXW   DQG DQLPSURYHPHQWRIIOH[XUDO
VWUHQJWK RI DERXW  PRUH WKDQ WKDW RI WKH QHDW EOHQG ZDV REVHUYHG 7KH ,PSDFW VWUHQJWK RI WKH 6*) UHLQIRUFHG 3$33
SRO\PHUEOHQGFRPSRVLWHVZHUHGHFUHDVHGE\ WKDQWKDWRIWKHQHDWSRO\PHUEOHQG3$337KHIUDFWXUHGVXUIDFHVDIWHU
PHFKDQLFDO WHVWV ZHUH VWXGLHG DQG WKH IDFWV IRU WKH YDULDWLRQ RI WKHVH SURSHUWLHV FDQ EH VXEVWDQWLDWHG E\ XVLQJ )UDFWRJUDSKLF
DQDO\VLV
.H\ZRUGV 3$330HFKDQLFDO3URSHUWLHVSRO\PHUEOHQGVKRUWJODVVILEHUV




© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1232   B.V. Lingesh et al. /  Procedia Materials Science  5 ( 2014 )  1231 – 1240 
 ,QWURGXFWLRQ
7KH SRO\PHUV DUH RI VHOIOXEULFDWLQJ LQ QDWXUH7KH VHOIOXEULFDWLQJ SURSHUWLHV RI WKH SRO\PHUV HQDEOH WKHP WR
XWLOL]H H[WHQVLYHO\ LQ WKHGHVLJQDQGGHYHORSPHQWRIJHDUV FOXWFKHV VHDOV UROOHUVDQGDOVR LQ WKHGHYHORSPHQWRI
PDQ\ LQGXVWULDO VWUHQJWK EDVHG FRPSRVLWHV >0:3DVFRH @ 7KH QHDW SRO\PHU LV YHU\ UDUHO\ XVHG LQ WKH
EHDULQJDQGZHDUUHVLVWDQWPDWHULDOVEHFDXVHRIXQPRGLILHGSRO\PHUFRXOGQRWVDWLVI\WKHGHPDQGVDULVLQJIURPWKH
VLWXDWLRQVZKHUHLQ WKH FRPELQDWLRQVRI JRRGPHFKDQLFDO DQG WULERORJLFDO SURSHUWLHV DUH UHTXLUHG7KH PHWKRGVRI




FRPPXQLWLHV DV LW LV ZLGHO\ DFFHSWHG DV DQ HIILFLHQW PHWKRG WR RIIHU DQ DWWUDFWLYH ORZFRVW VXEVWLWXWH WR WKH
GHYHORSPHQWRIHQWLUHO\QHZPDWHULDOV,QSRO\PHUWULERORJ\SRO\PHUEOHQGLQJLVDQHIIHFWLYHZD\WRLPSURYHWKH
PHFKDQLFDO DQG WULERORJLFDO SURSHUWLHV RISRO\PHUV ><<DPDJXFKL @ ,QRUGHU WR HQKDQFH WKHSK\VLFDO DQG
PHFKDQLFDO SURSHUWLHV RI WKHUPRSODVWLF FRPSRVLWHV QXPHULFDO VWXGLHV RQ WKH LPSURYHPHQW PHWKRGV KDYH EHHQ
H[WHQVLYHO\ FDUULHG RXW LQ WKH SDVW WKUHH GHFDGHV >0 3DODEL\LN HW DO @ 7KH PRVW FRPPRQ PHWKRG IRU
SURPRWLQJWKHWRXJKQHVVRI300$LVEOHQGLQJZLWKWKHUXEEHUPRGLILHU>6KLK.DL&KHQJHWDO  3$/RYHOO
HWDO @ ,QEHDULQJDSSOLFDWLRQVSRO\PHUFRPSRVLWHVDUHSUHIHUUHG RYHUPHWDOV EHFDXVHRIFRUURVLYHSUREOHPV
7KHKLJKVWUHQJWKSRO\PHUFRPSRVLWHVFDQEHREWDLQHGE\UHLQIRUFHPHQWDQGILOOHUV >0(YVWDWLHY @ 7KH
PHFKDQLFDOSURSHUWLHVRI3RO\DPLGHDQGKLJKGHQVLW\SRO\HWK\OHQHEOHQGVILOOHGZLWK37)(DQGFRSSHUR[LGHDQG
UHLQIRUFHGZLWK VKRUW JODVV ILEHUVZHUH VWXGLHG 7KH WHQVLOH VWUHQJWK RI WKH SRO\EOHQGZLWK ZW 3$ZW
+'3( EOHQG LQFUHDVHG ZLWK LQFUHDVH LQ ILEHU FRQWHQW :KHQ ZW  RI 3$ZW  RI +'3( SRO\EOHQG LV
UHLQIRUFHGZLWKZWRIVKRUWJODVVILEHUVWKHWHQVLOHVWUHQJWKRIWKHSRO\EOHQGLQFUHDVHGZLWKLQFUHDVHLQILEHU
FRQWHQW >03DODEL\LN HW DO @ 7KHPHFKDQLFDO SURSHUWLHV RI3$336EOHQG UHLQIRUFHGZLWK VKRUW FDUERQ
ILEHUV ZHUHVWXGLHG7KHPD[LPXPYDOXHVRIWKHWHQVLOHVWUHQJWK)OH[XUDOVWUHQJWKDQGKDUGQHVVDUHREWDLQHGZLWK
3$336&) FRPSRVLWH DUH LQFUHDVHG E\   DQG  UHVSHFWLYHO\ UHODWLYH WR WKH QRQUHLQIRUFHG
3$336 EOHQG >=DKRELQ&KHQ HW DO @ ([LVWLQJ VWXGLHV IRFXVHG RQ ILEHU ILOOHG KRPRSRO\PHU OHVV ZRUN
ZHUHUHSRUWHGRQWKHSRO\DPLGHSRO\SURS\OHQHEOHQGILOOHGZLWK 6*),QVSLWHRIWKHIDFWWKDWSRO\PHUFRPSRVLWHV
DUHXVHG LQ VWUXFWXUDODSSOLFDWLRQVQRGDWDDUH UHSRUWHGRQ WKH LQÀXHQFHVRI VKRUW JODVV ILEHUVRQ3$33 EOHQG




7KHPDWHULDOVXVHG LQ WKHSUHVHQW LQYHVWLJDWLRQDUH3$33DQGVKRUWJODVV ILEHUVDUH OLVWHG LQ 7DEOH7KH
GHWDLOVRIPDWHULDOVDUHDOVRJLYHQLQWKHWDEOH
7DEOH 'DWDRQPDWHULDOVXVHGLQWKLVVWXG\





3RO\DPLGH 3$ *UDQXOHV  =\WHO/1& 'XSRQW&R/WG  
3RO\SURS\OHQH 33 *UDQXOHV    ,VRWDFWLF3RO\SURS\OQH
4LOX 3HWURFKHPLFDO
,QGXVWULDO&R&KLQD  
6KRUWJODVVILEHU 6*) &\OLQGLFDO    )LQHRUJDQLFV0XPEDL  
0DOHLFDQK\GULGH 0$J+ *UDQXOHV     
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 6DPSOHSUHSDUDWLRQ
&RPSRXQGLQJ
)LJ  %DUEHQGHU&R URWDWLQJWZLQVFUHZH[WUXGHU
7KHSRO\PHUVDQGILEHUVZHUHGULHGDW&IRUKWRDYRLGSODVWLFL]DWLRQK\GURO\]LQJHIIHFWVIURPKXPLGLW\
DQGWRREWDLQWKHVXIILFLHQWKRPRJHQHLW\7KHPDWHULDOVZHUHPL[HGDQGWKHPL[WXUHZDVH[WUXGHGXVLQJ%DUEHQGHU
FRURWDWLQJ WZLQVFUHZ H[WUXGHU 0DNH &0(, 0RGHO &0( 63/ FKDPEHU VL]H FP 7KH WHPSHUDWXUH
PDLQWDLQHGLQILYH]RQHVRIWKHH[WUXGHUEDUUHOZHUH]RQH&]RQH&]RQH&]RQH&
DQG ]RQH&UHVSHFWLYHO\DQGWKHWHPSHUDWXUHDWWKHGLHZDVVHWDW&7KHH[WUXGHUVFUHZVSHHGZDVVHWDW
 USP ZKLFK \LHOGHG D IHHG UDWH RI  NJK 7KH H[WUXGDWHV REWDLQHG ZDV TXHQFKHG LQ FROG ZDWHU DQG WKHQ




$OO WHVW VSHFLPHQV ZHUH LQMHFWLRQ PROGHG IURP WKH SHOOHWL]HG SRO\EOHQG PDWHULDO REWDLQHG IURP FRURWDWLQJ
H[WUXGHU7KH WHPSHUDWXUHPDLQWDLQHG LQ WKH WZR]RQHVRI WKHEDUUHOZDV]RQH &DQG]RQH &DQG
PROGWHPSHUDWXUHZDVPDLQWDLQHGDW&
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D E F
)LJ 7HVWVSHFLPHQVD$670'6SHFLPHQGLPHQVLRQV 7HQVLOHVWUHQJWK E$670'6SHFLPHQIRU )OH[XUDOVWUHQJWK F$670'
6SHFLPHQIRU,]RG,PSDFWVWUHQJWK
7DEOH  &RPSRVLWLRQRI)LEHUILOOHG3$33SRO\EOHQGFRPSRVLWHVLQZWXVHGLQWKHSUHVHQWZRUN
&RPSRVLWHV 0DWHULDOFRGH 3$ 33 6*) 0$J+
3$33%OHQG 3    
%OHQG3$336*) 3    
%OHQG3$336*) 3    
%OHQG3$336*) 3    
%OHQG3$336*) 3    
%OHQG3$336*) 3    
%OHQG3$336*) 3    
 0HDVXUHPHQWRI 0HFKDQLFDO 3URSHUWLHV
7KH PHFKDQLFDO SURSHUWLHV VXFK DV WHQVLOH VWUHQJWK DQG WHQVLOH HORQJDWLRQ DW \LHOG ZHUH PHDVXUHG XVLQJ




)LJ 7HQVLOHWHVWVSHFLPHQVD $670'6SHFLPHQGLPHQVLRQV E7HQVLOHVWUHQJWKWHVWHGVSHFLPHQV
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)OH[XUDOVWUHQJWKRUWKUHHSRLQWEHQGLQJZDV FDUULHGRXWRQWKHVDPHPDFKLQHE\FKDQJLQJWKHMDZVRIWKHVHWXS
DQG WKH VSHFLPHQDFWVDV VLPSO\ VXSSRUWHGEHDPVXEMHFWHG WRSRLQW ORDGDW WKH PLGGOH 7KH IOH[XUDO VWUHQJWKDQG
IOH[XUDOPRGXOXVZHUH GHWHUPLQHG DW WKH UDWH RI PPPLQ DV SHU$670' 7KH VWDQGDUG VSHFLPHQ IRU WKH
IOH[XUDOVWUHQJWKDQGWHVWHGVSHFLPHQV DUH VKRZQLQ ILJ 
D E
)LJ  )OH[XUHWHVWVSHFLPHQVD $670'6SHFLPHQGLPHQVLRQV E)OH[XUHVWUHQJWKWHVWHGVSHFLPHQV







)LJ  ,]RG,PSDFWWHVWVSHFLPHQVD $670'6SHFLPHQGLPHQVLRQV E,PSDFWVWUHQJWKWHVWHGVSHFLPHQV
7DEOH 0HFKDQLFDOSURSHUWLHVRI6*)ILOOHG3$33EOHQGV
3URSHUWLHV 3 3 3 3 3 3 3
7HQVLOHVWUHQJWK03D       
7HQVLOHHORQJDWLRQDW\LHOG       
)OH[XUDOVWUHQJWK03D       
)OH[XUDOPRGXOXV03D       





ORDG YHUVXV GLVSDOFHPHQW FXUYH RI 3$33 SRO\EOHQG DQG VKRUW JODVV ILEHU UHLQIRUFHG 3$33 SRO\EOHQG
FRPSRVLWHV DUH VKRZQ LQ ILJ  )URP WKH JUDSKV ZH FDQ FRQFOXGH WKDW VKRUW JODVV ILEHU UHLQIRUFHG SRO\EOHQG
FRPSRVLWHVKDYHPRUHORDGFDUU\LQJFDSFLW\ZKHQFRPSDUHGZLWKWKHSXUH SRO\EOHQG3$337KHPD[LPXPSHDN
ORDGRIVKRUWJODVVUHLQIRUFHG3$33SRO\EOHQGLV1ZKLFKLVLQFUHDVHWRWKHORDGFDUU\LQJFDSDFLW\RI
3$33 SXUH SRO\EOHQG 7KLV FDQ EH DWWULELXWHG WR WKH SURSHUWLHV RI VKRUW JODVV ILEHUV 6*) HQKDQFHG WKH ORDG
FDUU\LQJFDSDFLW\DQGVWLIIQHVVRISXUHSRO\EOHQG
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D E
F
)LJ  0HFKDQLFDOSURSHUWLHVRIVKRUWJODVVILEHUUHLQIRUFHG3$33EOHQG DW\SLFDOWHQVLOHWHVWFXUYH E7HQVLOHVWUHQJWKF7HQVLOH
(ORQJDWLRQLQRIWKHVWXGLHGFRPSRVLWHV
7KH WHQVLOH VWUHQJWK RI VKRUW JODVV ILEHU UHLQIRUFHG 3$33 SRO\PHU EOHQG FRPSRVLWHV DUH VKRZQ LQ ILJ 
:KHQWKHSRO\EOHQGZDVUHLQIRUFHGZLWK ZWRIVKRUWJODVVILEHUWKHWHQVLOHVWUHQJWKLQFUHDVHGIURP1PP
WR1PP ZKLFKLVDLQFUHDVH7KLVVKRZVWKDWWKHDGGLWLRQRIVKRUWJODVVILEHUWRWKHSRO\PHUEOHQGKDYH






DJDLQVW WKHQHDWSRO\EOHQG3$33FRPSRVLWHV)XUWKHUDGGLWLRQRIWKHJODVV ILEHULQWRWKHEOHQG ZW OHDGV
WKHPDWHULDOWREHFRPHEULWWOHUHVSRQGLQJZLWKGHFUHDVHLQ WHQVLOHVWUHQJWKRIWKHFRPSRVLWHV 7KHFRPELQHGDFWLRQ
RIERWKGXFWLOHDQGEULWWOHQDWXUHRIWKH6*)UHLQIRUFHG3$33EOHQGKDVJRWDSSUHFLDEOHPHFKDQLFDOSURSHUWLHV
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2QWKHRWKHU KDQG WKH GXFWLOLW\ RIWKH6*)UHLQIRUFHG3$33SRO\EOHQGFRPSRVLWHVGHFUHDVHGVOLJKWO\IURP
WR    ZKLFKLVDOPRVWGHFUHDVH 7KLVVKRZV WKDWWKHFRPDSDWLELOW\RIWKHVKRUWJODVVILEHUVZLWK
WKHSXUHSRO\EOHQGGHFUHDVHVWKH GXFWLOLW\RIWKHSRO\PHUEOHQGFRPSRVLWHV)XUWKHUDGGLWLRQRI6*)UHGXFHV ORDG
FDUU\LQJFDSDFLW\DQGWKHGXFWLOLW\RIWKHSRO\EOHQG7KLVVKRZVWKDWPRUHQXPEHURIILOOHUVZLOOKDYHSRRUGHJUHHRI
FRPSDWLELOLW\ZLWK WKH VWXGLHGSRO\PHUEOHQG7KLV LV EHFDXVHRI SRRUERQGLQJ DQG DGGLWLRQRIPRUH JODVV ILEHUV




)LJ  0HFKDQLFDOSURSHUWLHVRI6*)UHLQIRUFHG3$33EOHQGD)OH[XUDOVWUHQJWK E)OH[XUDOPRGXOXV F,PSDFWVWUHQJWK
7KH IOH[XUDO VWUHQJWK RI VKRUW JODVV ILEHU UHLQIRUFHG 3$33 SRO\PHU EOHQG FRPSRVLWHV DUH VKRZQ LQ ILJ 
:KHQWKHSRO\EOHQGZDVUHLQIRUFHGZLWKZWRI 6*)WKHIOH[XUHVWUHQJWKLQFUHDVHGIURP1PP WR




WKDQ WKDW RI SXUH SRO\EOHQG 3$33 7KH PD[LPXP IOH[XUDO VWUHQJWK RI WKH 6*) UHLQIRUFHG FRPSRVLWH ZDV
REWDLQHGIRUZWRIWKHILEHUV7KHHQKDQFHPHQWRIDERXWLQIOH[XUHVWUHQJWKZDVREWDLQHGDJDLQVWWKHQHDW
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7KH,]RGLPSDFWVWUHQJWKRIVKRUWJODVVILEHUUHLQIRUFHG3$33SRO\PHUEOHQGFRPSRVLWHVDUHVKRZQLQWKH
ILJ  :KHQWKHSRO\EOHQGZDVUHLQIRUFHGZLWKZWRIVKRUWJODVVILEHUWKHLPSDFWVWUHQJWKGHFUHDVHGIURP
-P WR-PZKLFK LVGHFUHDVH)XUWKHUDGGLWLRQRI VKRUWJODVV ILEHU WR WKHSRO\PHUEOHQGZW WKH
LPSDFWVWUHQJWKJUDGXDOO\GHFUHDVHV7KLVUHVXOWVLQDOPRVWGHFUHDVHLQWKHLPSDFWVWUHQJWKDJDLQVWWKHSXUH
SRO\PHUEOHQG7KLVLVGXHWRWKHDGGLWLRQRIWKHVKRUWJODVVILEHUWRWKHSRO\PHUEOHQG LQFUHDVHVWKHEULWWOHQHVVRI




7KHIUDFWXUH EHKDYLRXU RIDOO WKHPHFKDQLFDOO\WHVWHGVSHFLPHQVDUHVWXGLHGZLWKWKHKHOSRI6FDQQHGHOHFWURQ
PLFURVFRSHSKRWRJUDSKV 6(0
)LJ 6(0PLFURJUDSKVRIWHQVLOHIUDFWXUHVXUIDFHVRIDQ3$336*)FRPSRVLWHZLWKDJODVVILEHUDZW6*) EZW6*) F
ZW6*) GZW6*) HZW6*) IZW6*)
)LJ  VKRZV WKH 6(0 SKRWRJUDSKV RI WHQVLOH IUDFWXUH VXUIDFHV RI GLIIHUHQW FRPSRVLWLRQ RI 6*) UHLQIRUFHG
3$33EOHQGFRPSRVLWHV ,Q WKHDEVHQFHRI WKH6*)ILJ D LWZDVREVHUYHG WKDW WKH3$33EOHQGVWUXFWXUH
ZDVXQLIRUPDQGKDYHZDYLQHVV OLNH VWUXFWXUH7KHGHIRUPDWLRQRI WKHEOHQG LV D SDUW RI ERWK WKH3$337KH
EOHQGVWUXFWXUHVKRZV WKHJRRGPLVFLELOLW\RI WKHPDWUL[ZLWKRXWKDYLQJDQ\ LPPLVFLEOHVWUXFWXUHV7KHGHIRUPHG
VWUXFWXUHRIGLIIHUHQWVKRUWJODVVILEHUUHLQIRUFHGSRO\EOHQGLVVKRZQLQWKHSLFWXUHILJ EFGHDQG I7KHILEHU
DGKHVLRQWRWKHPDWUL[PDWHULDOLVWKHNH\IDFWRUWRREWDLQJRRGPHFKDQLFDOWHQVLOHVWUHQJWK7KH6(0SKRWRJUDSKV
VKRZ WKH EUHDNDJH RI WKH ILEHUPDWHULDO DQG GDPDJH RI WKHPDWUL[ PDWHULDO $OVR LW VKRZV WKH ILEHUV DUH WRWDOO\
PLVDOLJQHGDQGWKH IRUPDWLRQRIYRLGVLQEHWZHHQWKHPDWUL[DQGWKHILEHULVFOHDUO\REVHUYHGDQGVXUIDFHDWFURVV
VSHHGLVIXQFWLRQRIWKHEUHDNDJHVWUXFWXUHRIWKHPDWHULDO7KHJODVVUHLQIRUFHPHQWRIDQGZWLQWRWKH
SRO\EOHQG VKRZV WKH EUHDNDJH RI ILEHUPDWHULDO DQG DOVR WKH SORXJKLQJ DFWLRQ RI ILEHUV GXH WR WKH SRRU ERQGLQJ
EHWZHHQILEHUVDQGPDWUL[LQFOLQHGILEHUEUHDNDJHDQGFRKHVLYHPDWUL[IUDFWXUH
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)LJ 6(0PLFURJUDSKVRIIOH[XUHIUDFWXUHVXUIDFHVRID3$336*)FRPSRVLWHZLWKDJODVVILEHUDZW6*) EZW6*)
F ,PSDFWIUDFWXUHRIZWRI6*)
)LJ  VKRZVWKH 6(0SKRWRJUDSKVRIIOH[XUHDQGLPSDFWIUDFWXUHVXUIDFHVRIGLIIHUHQW FRPSRVLWLRQRI6*)
UHLQIRUFHG3$33EOHQGFRPSRVLWHV7KH6(0SKRWRJUDSKVVKRZWKHEUHDNDJHRIWKHILEHUPDWHULDODQGGDPDJH
RI WKHPDWUL[PDWHULDO$OVR LW VKRZV WKH ILEHUV DUH WRWDOO\PLVDOLJQHG DQG WKH IRUPDWLRQRI YRLGV LQEHWZHHQ WKH
PDWUL[ DQG WKH ILEHU LV FOHDUO\ REVHUYHG DQG VXUIDFH DW FURVV VSHHG LV IXQFWLRQ RI WKH EUHDNDJH VWUXFWXUH RI WKH




ORDG RI VKRUW JODVV ILEHU ILOOHG FRPSRVLWHV 7KLV OHDGV WKH PDWHULDO WR UHVSRQG WR LPSURYH DQG WR GHWHULRUDWH WKH












x 7KHLQIOXHQFHRIVKRUWJODVVILEHUDORQHRQWKHIOH[XUDOVWUHQJWKRISRO\EOHQGZW3$  ZW33LV
IDLUO\JRRG7KHPD[LPXPIOH[XUDOVWUHQJWKRIWKHVKRUW JODVVILEHUUHLQIRUFHGFRPSRVLWHVZDVREWDLQHGIRU




x 7KHILEHUPDWHULDODQGWKHSORXJKLQJDFWLRQRI ILEHUVGXH WRWKHSRRUERQGLQJEHWZHHQILEHUVDQGPDWUL[
LQFOLQHGILEHUEUHDNDJHDQGFRKHVLYHPDWUL[IUDFWXUHDUHWKHUHDVRQZKLFKFRXOGEHDWWULEXWHGWRWKHIOH[XUH
DQGLPSDFWEHKDYLRURIWKHPDWHULDO
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